The two-step model for fusion reactions of massive systems is briefly reminded. By the use of fusion probabilities obtained by the model and of survival probabilities obtained by the new statistical code, we predict xn residue cross sections for 48 Ca+actinide systems leading to superheavy elements with Z=114, 116 and 118.
INTRODUCTION
Since the discovery of the periodicity in chemical elements by Mendelejeff [1] , our knowledge has been expanded. The heaviest element in nature is known to be Uranium with the atomic number Z=92. Heavier elements than that have been synthesized artificially. Thus, it is an intriguing question how many elements can exist or what is the heaviest element we can synthesize. Larger Z values result in the instability due to the larger Coulomb repulsion which would dominate over nuclear attraction. But it is also well-known that closed shells of nucleonic structure give rise to an extra-binding which contributes to the stabilization of atomic nucleus. Many attempts have been made to predict double closed shell nuclei heavier than 208 Pb [2] . The magic number for proton next to 82 is predicted to be 114, 120 or 126, depending on the nuclear models employed, while that for neutron next to 126 is commonly predicted to be 184. These results suggest that there is a stable region in the nuclear chart far away from that of the known isotopes, which is sometimes called an island of the superheavy elements (SHE). Naturally, enormous experimental efforts have been devoted to answer to the question last few decades. Until now, the elements with up to Z=112 have been synthesized by heavy ion fusion experiments with 208 Pb target [3] , and about even heavier elements with Z=114 and 116 are reported indicative experimental observations with 48 Ca beams on the actinide targets [4] . But reaction mechanisms of nuclear fusion of massive systems are not well known, and thus the experiments have been performed following the systematics of the experimental data available so far. Therefore, it is a very important and urgent subject to develop a theory which permits us to predict which combination of projectile and target is favorable for synthesis of an element under consideration, and at what incident energy residue cross sections are optimized. Of course, in order to predict residue cross sections quantitatively, we have to treat not only fusion processes, but also cooling processes precisely, because compound nuclei formed by fusion reactions are excited. More explicitly, the residue cross section is This is a new two step model [13] . The method of connection is not like that from a diabatic to an adiabatic treatments, but should be called "statistical", because the first step generally results in statistical distributions of physical quantities of the united system and they should be used as initial conditions for the second step, as will be detailed below.
In order to realize the treatment of the first step, SFM is employed, but in an extended form so as to include the fluctuation forces associated with the friction forces in accord with Figure 1 . Coulomb barrier, sticking configuration, and conditional saddle are shown schematically for massive systems, which illustrates a necessity of two-step treatment for fusion. E shell , ε 0 and k 0 represent shell correction energy of the spherical shape, intrinsic excitation energy and remaining kinetic energy at the contact point. the dissipation-fluctuation theorem. As stated above, the model is used up to the contact point, not for the whole processes like in DIC. Then, the results of the calculations provide the sticking probability P J stick for the projectile and the target to stick each other, as well as information on kinetic energy of the radial motion, i.e., information on the distribution of the radial momentum at the contact point. Since they were already reported in detail elsewhere [14] , we do not repeat it here, but summarize the results.
1. An energy dependence of the sticking probability shows that a barrier height is effectively shifted to an energy about 10 MeV higher than the original one, which would already provide an explanation of the extra-push energy. 2. A distribution of the radial momentum at the contact point has almost exactly a Gaussian form whose center, i.e., the mean value is equal to zero. Its variance is consistent with the temperature calculated from the energy conservation in average. 3. The orbital angular momentum is found to reach the dissipation limit.
These results indicate the fact that the projectile and the target stick each other at the contact point to form a united system. Therefore, with this distribution as the initial values, we solve shape evolution of the united mono-nuclear system to obtain the formation probability, i.e., the probability that the system overcomes the saddle point to reach the spherical shape, by the use of the same type of Langevin equation which was used for description of fission of excited nuclei [15] .
Recently it has been shown analytically that the dissipation manifests its effects in an extremely enhanced way in over-saddle-point problem with a schematic one-dimensional model. This is a modeling of the fusion reactions of massive systems where the sticked configurations are located outside of the conditional saddle point and thus the system has to overcome it in order to reach the spherical shape. Furthermore, we can obtain a simple expression for the extra-push energy. Since they have been reported elsewhere [16] , in the present paper we concentrate ourselves on realistic calculations of the formation and then the fusion probabilities by the use of the liquid drop model (LDM). In the next section, we describe dynamical evolution of nuclear shapes over the ridge line with Langevin equations for the collective variables. In section 3, we discuss about 48 Ca-induced fusion reactions on the actinide targets, on which experimental fusion excitations are available for comparisons. By the use of KEWPIE, we calculate the survival probability, which is combined with the fusion probability to give xn residue cross sections for SHE with Z=114, 116 and 118. The results are compared with the experimental data available for the first two elements.
FORMATION PROBABILITY OF THE SPHERICAL COMPOUND NU-CLEUS
Shapes of the united nucleus are described by the two-center parameterization (TCP) [17] with the distance between two mass-centers, the mass-asymmetry, and the neck parameter, while the deformations of fragments are neglected. In view of the extremely strong friction for the neck degree of freedom on the basis of OBM, the neck motion is expected to be very slow, which permits us to freeze it in a good approximation. Thus, the parameter ǫ is taken to be 0.8. It should be worth noticing that we are here interested only in fusion, but if we are interested in properties of fission-like fragments, we have to describe dynamics of the neck degree of freedom as well as those of deformations of the fragments along decaying paths. The shell correction energy is also neglected in formation process, since the united system is already well excited in the preceding processes of overcoming the Coulomb barrier. Therefore, we employ LDM for the potential as well as for the inertia-mass tensor for the collective motion. As for friction, we employ OBM for the calculation of the friction tensor. Now, we need only initial values to start calculations of trajectories with the Langevin equation. As stated in the introduction, our calculations of shape evolution start at the contact point. That is, the initial value of the distance is equal to the distance between the mass centers of the configuration, and that of the mass-asymmetry is equal to the mass-asymmetry of the entrance channel. As for the conjugate momenta, that for the mass-asymmetry is taken to be zero, while that for the radial motion can have various values, due to the Gaussian distribution given by the collision processes over the Coulomb barrier. In order to obtain the formation probability, we have to calculate probabilities F J (p 0 , T ) for the system to overcome the ridge line among numerous trajectories, starting with various initial momenta p 0 , and then, to make an average of F J (p 0 , T ) with the weight of the Gaussian distribution of the initial momenta g J (p 0 , T c ) obtained by SFM. Therefore, the formation probability is given as follows, where T c denotes the temperature of the system at the contact point. Actually, values of T c and T are very close each other. In Fig. 2 , the formation probability calculated for 48 Ca+ 244 Pu system is shown as a function of excitation energy E * . It is remarkable that it does not increase quickly as transmission coefficient usually used for fusion probability, but remains to be very small over the wide range of energy considered. This is in accord with the typical feature of the fusion hindrance observed.
FUSION CROSS SECTIONS AND RESIDUE CROSS SECTIONS OF SHE
Fusion probabilities are obtained with Eq. (2). Then, fusion excitation functions are calculated as usual,
The results are shown in Fig. 3 [18] . Apparently, it is seen that the calculations reproduce the experimental feature of the energy-dependence, and furthermore, reproduce the absolute values of the first three systems very well systematically. It is worth emphasizing here that there is no adjustable parameter employed all through the calculations, except the probable choice of ǫ. Experiments on the last system are strongly desired for confirmation of validity of the present model.to accommodate the shell correction energy with Ignatyuk's prescription [20] with the standard damping energy of 18.5 MeV. 2. As for the saddle point and fission barrier height, we refer to Cohen-Plasil-Swiatecki's LDM [21] . But we also adopt the barrier height systematics by Dahlinger et al. for SHE, which is supposed to be more realistic. 3. Kramers factor [22] for dynamical fission width is included with the reduced friction being 5 · 10 −20 /sec which is consistent with OBM, together with Strutinski's correction factor [23] from inclusion of the collective degree of freedom around the spherical shape.
The frequencies of the potential at the spherical shape and the saddle point are temporally taken to be the same, the corresponding energy quantum taken equal to 1 MeV. Of course, one could use more realistic values, but they may give rise to a factor 2 or less. Thus, there is no free parameter again in the statistical calculations, except unknown masses or shell correction energies of isotopes of SHE. As stated in the introduction, there are many structure calculations, most of which predict shell correction energies of a few to several MeV. Møller et al.'s [24] are larger ones among them, so we use their values with reduction factor 1/2 in keeping their tendency in mass-dependence. Calculated excitation functions of xn reactions are shown in Fig. 4 for Z=114, 116, and 118, together with available experimental points. For Z=114 and 116, the calculations appear not to be inconsistent with the data [4] . But the tendency of the predicted masses is not satisfactory. Nevertheless, it seems that in 48 Ca+ 248 Cm system a lower energy is more favourable. For the last system, the model provides predictions, on which experiments are being waited for. In brief, the present two-step model has turned out to reproduce the experimental fusion excitation functions systematically for 48 Ca induced reactions, as well as the measured xn residue cross sections for SHE with the shell correction energies of Møller et al. with the reduction factor, the absolute values of which appear to be close to some of the mean-field calculations [25] . Furthermore, we have made predictions on the fusion excitation function and the xn cross sections for Z=118, which would stimulate experiments. A systematic study is now being made with typical theoretical predictions of nuclear masses and/or of shell correction energies for SHE. The present model will be applied to other elements and/or other entrance channels soon. Then, we will be able to answer the question raised in the introduction.
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